Objective: The primary aim of this study is to examine the effects of a backrest: using a prototype of a lumbar support presented in author's earlier study on the discomfort rating of the body parts of motorcyclist. Methods: One hundred motorcyclists participated in this study, all in good physical condition and with no immediate complaint of musculoskeletal disorders. Each participant was asked to sit for 2 hours on a motorcycle in two different sessions (with and without the lumbar support) in a controlled room environment. At every 15 minutes interval the participants were required to rate their discomfort level on the Borg's CR-10 questionnaire. Results: The rate of discomfort level (in all body parts) decreased over time during the testing period with the prototype. In terms of the discomfort 'break point', participants identified low back and upper back as the most affected body parts prior to comfort changes during the testing period with the use of the prototype. Conclusions: The use of this prototype provides a protective mechanism for the motorcyclist's musculoskeletal system, particularly the spinal column. Therefore, this prototype is capable of providing ideal posture while simultaneously enhancing the comfortability of the motorcyclist during the riding process (by reducing discomfort).
INTRODUCTION
Motorcycles are recognized as an important form of transport both locally and internationally. In Malaysia, motorcycles and cars are rated as two important transportations for people's daily activities. However, motorcycles are preferred as they are compact, agile, consume less fuel, pass easily through congested areas (towns or cities), cheaper to buy and require less maintenance (Mclnally 2003) compared to cars. Despite these advantages, motorcycle riding is a relatively complex and risky process. Motorcyclists are exposed and vulnerable to a variety of hazards in their surroundings. Furthermore, the motorcycle itself has constraints in terms of space and poses a Anais da Academia Brasileira de Ciências (2012) 84(4): 1169-1188 (Annals of the Brazilian Academy of Sciences) Printed version ISSN 0001-3765 / Online version ISSN 1678-2690 www.scielo.br/aabc complicated challenge for any motorcycle design adjustments by automobile engineers (whether comfort or safety aspects). Motavalli and Ahmad (1993) stated that humans are mechanically designed for walking and not for sitting. This can be related to the biomechanical phenomenon (reaction of load and stresses) in the human body (Gdoutos et al. 1982) . In a seated position (static), the pelvis rotates posteriorly and the lumbar lordosis flattens out, increasing pressure in the posterior aspect of the spine's disc as well as strain in the posterior passive elements of the spine (Carvalho, 2008; Callaghan and McGill 2001 , Andersson et. al. 1974 , Nachemson and Elfstrom 1970 , Keegan and Nebraska 1953 . Therefore, the intradiscal pressure in the lumbar region of the spine are greater when seated than standing (Stevens 2004 , Callaghan and McGill 2001 , Nachemson and Elfstrom 1970 . Furthermore, sitting (static working position) and poor posture are both associated with the development of musculoskeletal disorders and discomfort in the human body (Mehta and Tewari 2000 , Hartvigsen et al. 2000 , Graf et al. 1995 .
However, Harrison et al. (1999) stated that an ideal sitting posture can be obtained by providing a backrest, as it would reduce the stress on the lower body. The backrest provides support, which allows a seated person to transfer part of their upper-body load (even the gravity forces due to the head, arms and upper trunk) onto the lower part of the body (even to the backrest support itself), which reduces the intradiscal pressure and enhances the relaxation of the supporting back muscles (Stevens 2004 , Mehta and Tewari 2000 , Corlett 1989 , Corlett and Eklund 1984 .
In terms of ergonomic, the motorcyclists riding comfort sitting is seen as one of the important elements to be considered. Relatively to car drivers, motorcyclists are more exposed to sitting hazards during the riding process. In addition, the majority of the motorcycles seat design is not equipped with a backrest support. Therefore, the motorcyclists tend to adopt a variety of postures during their riding process in order to balance the equilibrium of stresses in their body. Therefore, there is a need to explore motorcyclists' fatigue (discomfort). However, a review of the literature reveals that there is very little direct research evidence or information concerning motorcyclists' fatigue (discomfort) (Horberry et al. 2008, Haworth and Rowden 2006) .
STUDY OBJECTIVES
The primary aim of this study is to examine the effects of the backrest (a prototype of the lumbar support by the author's earlier study; Karmegam et al. 2008 in terms of the discomfort rating on the motorcyclist's body parts. Among the objectives of this study are: 1) to determine and to verify the data distribution (mean of discomforts rating) over time periods (every 15 minutes for a total of 120 minutes); 2) to determine and to verify the discomfort 'break point' (Borg Scale Rating ≥ 5) and comparison between testing with and without the prototype; and 3) to compare the discomfort T-test output for the paired samples (with and without the prototype) discomfort and the classification of effect size (Cohen's, d) at the end of session (minutes).
METHODOLOGY

THE MODEL OF THE STUDY
This is a cross-sectional study with the objective of evaluating the severity of the motorcyclist's discomfort (on their body parts) during a prolonged riding process with and without a lumbar support.
Study Location / Experimental environment
This study was conducted in a controlled room, in the Department of Mechanical Engineering, Polytechnic of Sultan Azlan Shah, Perak, Malaysia.
Study Population
The study population consists of 100 motorcyclists from the Polytechnic Sultan Azlan Shah (PSAS).
EVALUATION OF MOTORCYCLIST'S COMFORTABILITY
i)
Sampling Frame A list of names (database) was obtained from the Students Affairs Department of Polytechnic Sultan Azlan Shah students who fulfil the inclusive criteria.
ii)
Sampling Unit Students who fulfil the inclusive criteria, both male and female with age range of 18 to 24 years, participated in this study. All students voluntarily participated in this study and signed an informed consent prior to participation. Students were selected by the following criteria: 
iii)
Sampling Size The sample size calculator (Naing et al. 2006 ) was used in this study to estimate the adequate sample size. The following formula (Daniel 1999 ) is used in the calculator for the sample size determination process:
where, n = sample size Z = statistic for a level of confidence P = expected prevalence or proportion d = precision The following information was produced by the sample size calculator based on the provided values: Sample size, n = 90 (with a finite population correction and normal approximation assumption) Precision, d = ± 0.10 (due to the limitation of resources (Naing et al. 2006 )) Therefore, a total of 100 (rounded up from 90) motorcyclists were selected in this study.
iv)
Sampling Method This is a probabilistic method, that used the purposive sampling method with an inclusive criteria population. A total of 50 male and 50 female students from the polytechnic were recruited to participate in this study. The participants were all in good physical condition and with no history of musculoskeletal disorder disease or lower back pain at the time of the experiment process. The participants were also asked to refrain from heavy exercise for three days prior to the data collection process.
INSTRUMENTATION AND DATA COLLECTION TECHNIQUES
Study variables
A motorcycle (less than 150cc) was used in this study. The independent variables in this study were are motorcycle with and without the lumbar support ( Figure 1 ) and the dependent variables were the motorcyclists discomfort in body parts (neck, head, shoulder, upper back, arms, hands, low back, buttocks, thighs, knees, calf, ankles and feet) . WORKSTATION 
SETTING
Each participant was asked to sit on a motorcycle (on two different sessions with and without the lumbar support) in a quiet room, with air-conditioning at 26°C and adequate lighting. Each participant had to
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attend experimental sessions on two different days (with a minimum three day interval between them). Each session lasted for 2 hours (Carvalho 2008 , Aota et al. 2007 , Gyi and Porter 1999 . Meanwhile, as a means of distraction and entertainment, a movie was played during each session (Baba et al. 2009 ).
PREPARATION OF THE PARTICIPANTS
All participants answered a pre-survey ques tionnaire before they decided to voluntarily participate in the study. The participants also needed to undergo a physical examination (to measure height and weight). These were done in order to ensure that the participants met the required criteria of the study. Finally, the procedure was explained and the informed consent letter was distributed.
DATA COLLECTION INSTRUMENT: QUESTIONNAIRE DESIGN (BORG SCALE MEASUREMENTS)
Many researchers have assumed that comfort and discomfort are two opposites on a continuous scale, ranging from extreme comfort through a neutral state to extreme discomfort (Mehta and Tewari 2000) . The subjective measurements are one of the important methods in measuring the discomfort or comfort level in the respective user (Goonetilleke 
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and Feizhou 2001 , Motavalli and Ahmad 1993 , Bishu et al. 1991 . Therefore, a questionnaire was used to collect data within the scope of this study, which was adapted from the previous research by Lusted et al. (1994) , Koleini et al. (2008) , Falou et al. (2003) and Borg (1998) . There were two parts in the questionnaire. The first part was to determine the personal information of the motorcyclists participating the study. In the second part, a body chart of discomfort using the Borg's CR-10 scale (with numbers supported by written expression) was used to assess the degree of subjective discomfort on the body parts (Table I and Figure 2 ).
DATA COLLECTION TECHNIQUES
The participants were required to sit on the static motorcycle in a controlled room environment. The duration of the testing was 2 hours. At 15 minute intervals, participants were required to evaluate their discomfort level on the Borg's CR-10 questionnaire (Figure 3 ). There were two sessions for the testing, the first without the lumbar support and the second with the lumbar support.
DATA ANALYSIS
The collected data was analysed by using the univariate and bivariate analyses. All the variables were analysed using the statistical computer software (Statistical Package Service and Solution -SPSS). This study was conducted using 95% confidence level and a standard deviation of α≤0.05, in which the results of p≤0.05 were considered significant.
Determination of data distribution
The normality test (Shapiro-Wilk One Sample Test) was used to determine the normality distributions of 
1174
KARMEGAM KARUPPIAH et al. each variable in this study before carrying out further statistical analysis. The results showed that although there was no normality significant (p>0.05), the respective variable's skewness distribution was at ±2. Therefore, the data are in normal distribution skewness with either a shift to the right or to the left side of the distribution curve. Thus, the data distributions are assumed to be in normal distribution and the parametric test was conducted.
RESULTS
CHARACTERISTICS OF PARTICIPANTS
The characteristics of the participants are presented in Table II . A total of 50 males and 50 females participated in this study. Their age ranged from 18 to 24 years. The means for height were 167.90 cm and 162.30 cm, respectively, for males and females. The riding experience for male motorcyclists Extreme strong Maximal An extremely strenuous level. For most subjects this is the most strenuous exertion they have ever experienced.
TABLE I
Borg CR10 scale.
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ranged from 3 to 9 years with a mean of 5.84 and standard deviation of 1.41 years, while, the riding experience for female motorcyclists ranged from 3 to 7 years with a mean of 4.90 years and standard deviation of 1.05 years.
DISCOMFORT RATING SYMPTOMS EXPERIENCED BY THE
MOTORCYCLISTS
The results of the Borg's scale on discomfort rating by the motorcyclists (participants) are presented in Appendix A and Appendix B. Meanwhile, Figure  4 represents the data in graph form. It represents the rating of discomfort level on each of their body parts during the 2 hours testing with and without the prototype (lumbar support). The results indicate that the male and female motorcyclists do experience discomfort symptoms on their body parts during the testing process. The results also highlight that the motorcyclist's discomfort rating on their body parts reduced when tested with the lumbar support prototype (based on the comparison of the graph line with and without support on each body part in Figure  4 ). This indicates that providing support to the low back, could reduce the discomfort on the body parts of motorcyclists during the riding process, or, in other words, there is a prolonged (delay) in the onset time of discomfort when using the prototype. Generally, the whole body discomfort levels increase as the riding period increases. However, the rate of increase is higher during the experimental period without the use of the prototype (lumbar support).
The Borg Scale Rating (≥ 5) is considered as the 'break point' or, in other words, as the point where the participants rated their discomfort as strong. Thus, in this study, this point was considered as the point where the participants started to feel the discomfort in their relevant body parts. The results of this discomfort 'break point' with and without the lumbar support prototype are shown in Table III .
The results indicated that there is a positive effect on the body part's comfort with the usage of the lumbar support prototype. The highest comfort changes in male participants were seen in the low back and upper back, both recorded +100% changes with the usage of the lumbar support prototype. Similarly, the female participants also recorded the highest comfort changes in low back and upper back with +60.0% changes, respectively.
Meanwhile, the results also highlight that there was no (0%) change in the knees and calves among the male participants. However, there was a +14.3% change for the similar body parts in the female participants. 
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The results also show that by using the lumbar support, there was a higher comfort change in the upper back, low back and buttock (+40.0% to +100%) of male participants compared to the female participants. In the similar context, the female participants indicated higher comfort changes in their arms and hands, knees and calf (+14.3% to 40.0%) when compared to their counterparts.
COMPARISON OF DISCOMFORT BETWEEN (WITH AND WITHOUT LUMBAR SUPPORT) CLASSIFICATION OF EFFECT SIZE
The paired t-test was conducted in order to determine whether there is a statistically significant difference between male and female motorcyclists regarding their reported discomfort symptoms when tested with and without the prototype (lumbar support) Borg Scale Rating (≥ 5) at end time period (minutes)
Male (n=50) Female (n=50 (Appendix C and Appendix D). Based on the significant results, the effect size (Cohen's, D) was calculated (Table IV) . The Cohen's (D) is defined as the difference between the means divided by standard deviation (Cohen 1988, Kinnear and Colin 2006) and represents the strength of the relationship between two variables (small: 0-0.2, medium: 0.5-0.7 and large: 0.8-2.0). The results of the paired t-test indicate that there was a higher of significant on male and female body part's with the usage of the lumbar support prototype. However, the results also indicate that there was less significance of the lumbar support on ankles and feet of the male participants.
The observed pattern of the Cohen's effect size (based on the paired t-test significant results) during the testing period are categorized into 4 groups Group 1: Large effect size; Group 2: Small/Medium to Large effect size; Group 3: Large to Small/Medium effect size; Group 4: Irregular effect size (small/medium/ large to small/medium/large);
The Cohen effect size results indicate that the majority of the large effect (Group 1) was seen on the upper back, low back and buttocks of males and females during the testing period. The large effect size indicates that the lumbar support did provide comfort during the 2 hours testing period on the relevant body parts. The Group 2 (small/medium to large effect size) pattern was observed in the neck/head and shoulders of the males and thighs of the females. This (small/ medium to large effect size) indicates that the rate (significant) of comfort on these body parts increased during the testing process. However, in contrast to this group, Group 3 indicates that the rate (significant) of comfort decreasesed during the testing process. This was observed on the male's thighs and female's arms & hands. Meanwhile, Group 4 (irregular effect size) was observed on males (arms & hands and calf) and females (neck or head, shoulder, knees, calf and ankles & feet) body parts.
DISCUSSION
Previous studies have shown the importance of a back rest and its effects (biomechanical) on the human spine during sitting (Carcone and Keir 2007 , Lehman, 2004 , Goonetilleke and Feizhou 2001 , Roy et al. 1989 . It is also considered as one of the important elements for car drivers' comfort in terms of safety and comfortable driving in the automotive industry (Na et al. 2005 , Yamazaki 1992 . However, there is little literature that has documented the development of research based on motorcyclist's discomfort during the riding process. Therefore, this is one of the first studies to examine the effects of a backrest (lumbar support) on motorcyclists discomfort (on body parts) during the process of prolonged riding (2 hours).
Generally, the results show that the rate of discomfort level (on all body parts) decreases over time during the testing period with the prototype (lumbar support) when compared with testing without the support. This indicates that the lumbar support (prototype) does have a positive effect on all the motorcyclist's body parts. Previous studies have also shown that there is some relationship between the low back and other body parts discomfort (Daraiseh et al. 2010 , Joubert and London 2007 , Na et al. 2005 , Gyi and Porter 1998 . Thus, similar to the role of a chair backrest, it is capable of easing the stresses exerted on the vertebral column by relaxing the erector spine musculature, while maintaining lumbar lordosis as well as increasing comfortability (Carcone and Keir 2007 , Corlett 2006 , Corlett and Eklund 1984 . Reducing the energy required to maintain an upright riding position is important for motorcyclists as this will help maximize riding comfort, duration and safety.
Meanwhile, in terms of the discomfort 'break point', both male and female participants have recorded low back and upper back as the highest body parts that had comfort changes when tested with the lumbar support. This can be related to the lumbar support (prototype) functions.
Motorcyclists sitting with the lumbar support were able to tilt their mid and upper back posteriorly. This action will reduce the backward rotation of the pelvis and minimizing the kyphosis of the lumbar spine (Carvalho 2008 , Dolan et al. 1988 . Meanwhile, from the biomechanical perspective, the lumbar support is capable of providing support to a portion of the motorcyclists' weight during the riding process and enhances the centre of gravity (Bridger 1991) of the upper back over the lumbar spine. This allows the gravity force (from upper back) to be transferred to the lumbar support via the low back and, therefore minimizes the counteraction (localized muscle fatigue) by the back muscles (Tanaka et al. 2002 , Gdoutos et al. 1982 . These sustained muscle contractions are externally associated with not being able to maintain a certain force, and lead to physiological fatigue, tremor or pain, localized in the specific muscle (Balasubramanian and Jayaraman 2009).
The results (paired t-test) indicate that there is a statistically significant difference between male and female participants regarding their reported discomfort symptoms when tested with and without the prototype (lumbar support). The large effect size (Cohen's effect size) for both males and females was reported on upper back, low back and buttocks. The results show that there is a link between the discomfort and poor biomechanics (due to the force that acts between/inside the musculoskeletal system without proper support) (Helander and KARMEGAM KARUPPIAH et al. Zhang 1997), especially on relevant body parts (upper back, low back and buttocks). However, the results also indicate that there was some irregular (opposite) Cohen's effect size on other body parts on male and female participants. These findings are similar with previous studies, which reported that there is a gender difference in the human body discomfort symptoms (or pain) (Fillingim et al. 1998 , 2009 , Carvalho 2008 , Aloisi 1997 . Meanwhile, Berkley et al. (2002) stated that factors that are likely to contribute to gender differences in discomfort (pain) include differences in genetics, organ physiology, body structure, neuroactive agents, sex steroid hormones, central nervous system function, stress, lifestyle, sociocultural roles, and changes across the life span.
CONCLUSION
This study was carried out with the intention of examining the effects of the backrest (using a prototype of the lumbar support from the author's earlier study (Karmegam et. al. 2008) ) in terms of the discomfort rating on the motorcyclist's body parts. The main conclusions based on the statistically significant findings are as follows:
The rate of discomfort level (in all body parts) decreases over time during the testing period with the prototype (lumbar support).
In terms of the discomfort 'break point', both male and female participants recorded low back and upper back as the body parts that had the highest comfort changes during testing with the prototype (lumbar support).
The large effect size (Cohen's effect size based on the paired t-test) for both males and females was reported on upper back, low back and buttocks.
In general, this study has provided new insights into the effects of lumbar support on motorcyclists during the process of prolonged riding. The use of lumbar support (prototype) has provided a protective mechanism (provides postural stability and integrity) for the motorcyclist's musculoskeletal system, particularly the spinal column. Motorcyclists' riding posture is also related to both comfort and discomfort during the riding process. Therefore, this prototype (lumbar support) is capable of providing an ideal posture and enhances the comfortability of motorcyclists during the riding process. 
